We describe some biological and molecular characteristics of a Trypanosoma cruzi isolate derived from a Triatomine captured in Nicaragua. PCR based typification showed that this isolate, named Nicaragua, belonged to the lineage Tc I. Nicaragua infected culture cells were treated with allopurinol, showing different behaviour according to the cellular compartment, being cardiomyocyte primary cultures more resistant to this drug. The course of the infection in a mice experimental model and its susceptibility to benznidazole and allopurinol was analysed. In benznidazole treatment, mice reverted the high lethal effect of parasites during the acute infection, however, a few parasites were detected in the heart of 88 % of mice one year post-infection. Since Trypanosoma cruzi is a heterogeneous species population it is important to study and characterize different parasites actually circulating in humans in endemic areas. In this work we show that T. cruzi Nicaragua isolate, is sensitive to early benznidazole treatment.
Introduction
One of the problems of Chagas' disease is the diversity of clinical and pathological manifestations that occur following the infection by Trypanosoma cruzi. This protozoan parasite is a heterogeneous species population circulating in human, insect vectors and animals (Tibayrenc, 2003) . Different authors have reported the occurrence of genetically different parasite isolates displaying a broad range of biological behaviors, and pharmacological susceptibilities (Andrade et al., 1985; Filardi and Brener, 1987; Machado and Ayala, 2001; Murta and Romanha, 1999) . It is now accepted that there are six defined groups, T. cruzi I to T. cruzi VI (Zingales et. al, 2009) . In spite of the numerous studies on the molecular aspects of this parasite reported in the literature, the information relating the phylogeny of T. cruzi and the pathogenicity of Chagas disease is scanty.
Approximately 30 % of the T. cruzi infected individuals develop chronic Chagas disease, with a potentially lethal cardiopathy, megacolon or megaoesophagus. Although it is well accepted that the acute form of Chagas disease can be treated with the nitrofurane nifurtimox or the nitroimidazole benznidazole (bz), the treatment of the chronic phase with these drugs remains controversial due to the undesirable side effects of these drugs (Viotti et al., 2009) . Other drugs such as allopurinol (4-hydroxypyrazol (3, 4-d) pyrymidine) (allo) are currently being evaluated for the clinical treatment of Chagas disease (Apt et al., 2005; Coronado et al., 2006; Rodriques Coura and Castro, 2002) . In addition, this drug demonstrated effectivity in the inhibition of T. cruzi infection in vitro and in vivo (Berens et al., 1982; Nakajima-Shimada et al., 1996; Avila and Avila, 1981; Gobbi et al., 2007) . The range of susceptibility of T. cruzi to bz and allo depends on the parasite strain, and was related to the predominant lineages in different geographical areas. T. cruzi I is prevalent in the northern endemic areas of South America and is usually resistant to both drugs (Coronado et al., 2006) while T. cruzi II isolates were partially resistant to bz (Toledo et al., 2004) .
In this report we describe some molecular and biological characteristics of a T. cruzi isolate obtained from an endemic Chagas disease area of Nicaragua, the course of infection in a murine model, and compare its susceptibility to drugs being currently used in the treatment of Chagas disease.
Material and Methods

Chemical Compounds
Benznidazole (bz) (N-benziyl-2-nitro-1-imidazole-acetamide) was obtained from Roche, allopurinol (4-hydroxypyrazol (3, 4-d) pyrymidine) was obtained from Gador. Fetal bovine serum (FBS) (Gibco, Rockville, Md), horse serum (Internegocios SA, Córdoba Argentina), kidney epithelial cells of the African green monkey, VERO cells (ABAC, Pergamino Argentina), bovine embryo skin and muscle BESM cells (ATCC, Manassas, VA, USA), brain and heart infusion (BHT, Difco, Detroit, Mich), tryptose (Difco, Detroit, Mich), bovine hemin (Sigma, Saint Louis Mo), Hanks' balanced salt solution (HBSS, Gibco, Rockville, Md.), Dulbecco's modified Eagle's medium (DMEM, Gibco, Rockville, Md.). 24-well and 96-well culture plates (Nunc, Naperville, Ill), 12mm-coverslips (Fisherbrand Microscope Cover).
Parasites
A Trypanosoma cruzi isolate, named Nicaragua, was obtained from the intestinal content of a Triatoma dimidiata vector captured in an urban endemic area of Nicaragua (Rodriguez M. T. and Postan M. personal communication). Parasites were maintained in BHT medium containing 0.3% tryptose, 0.002% bovine hemin and 10% heat inactivated FBS in VERO and BESM cell cultures and through serial passages in Balb/c mice. T. cruzi CL Brener clone and Y, Brazil and Tulahuen 2 strains were used as standard parasites in some of the experiments.
Lineage identification
The lineage of the Nicaragua isolate was determined using PCR strategies targeted to lineage-specific genomic markers. The intergenic miniexon of the spliced leader genes was amplified with TC, TC1 or TC2 primers (Souto et al., 1996) . PCR products were visualized in 3 % agarose gel. The A10 DNA fragment was amplified with primers P3 and P6 (Brisse et al., 2000) and PCR products were visualized in 3 % agarose gel. The 24S-alpha rDNA gene was amplified in a heminested PCR with primers D71, D75 and D76. The first round was performed with D75-D76 primers (Briones et al., 1999) , the second round with D71-D76 primers (Burgos et al., 2005) and PCR products were visualized in 12% polyacrilamide gel. In addition, the amplification of the cytochrome c oxidase, subunit 2, was achieved by a full-nested PCR with TcMit 31 and TcMit 40 primers for the first round and TcMit 10 y TcMit 21 primers for the second round (Freitas de et al. 2006) . Amplified DNA products were digested by AluI restriction enzyme and separated by 6% polyacrilamide gel.
In vitro growth rate
Epimastigotes, (1 × 10 6 parasites/ml), from T. cruzi Nicaragua, CL Brener clone, Tulahuen and Brazil strains were grown in BHT medium with tryptose and bovine hemin as described above with 10% FBS and the number of parasites were daily counted in a Neubauer chamber for 20 days. To characterize the population of the Nicaragua T. cruzi isolate, we calculated the coefficient of exponential growth at low population densities r 0, and the maximum stationary phase concentration, K. The values of r 0 and K were calculated by Verhulst differential equation through a linear regression, made with Microsof Excel (Finley and Dvorak, 1987) .
Drug IC 50 determination
Assays were performed in 96-well microplates with 1.5 × 10 5 Nicaragua or CL Brener epimastigotes, with or without drugs and cultured at 28°C. Benznidazole was resuspended in 0.2 % DMSO, and allopurinol in culture medium. Bz and allo were tested at a concentration ranging from 0.018 mM to 0.6 mM. All experiments were performed at least twice and by triplicate. Parasite numbers were counted after 72 h drug incubation with Neubauer chambers. Allo and bz 50 % inhibition concentration values (IC 50 ) were estimated by linear and polynomial regression using Origin program version 6.
Preparation of ventricular myocytes
Ventricular myocytes were isolated from Swiss rat as described (Ellingsen et al., 1993; Fichera et al., 2004) . Briefly, rat hearts were cut into small fragments and dissociated with HBSS containing 0.02% trypsin at 37°C for 15 min, a procedure repeated four times. Cells suspensions were pooled and resuspended in HBSS supplemented with 10% FBS. Remaining cells in the supernatant were resuspended in DMEM supplemented with 10% FBS and 10% horse serum and transferred to 12 mm coverslips placed in 24-well culture plates.
Allopurinol inhibitory effects on cultured derived trypomastigotes
Mammalian VERO and BESM cell lines and rat cardiac myocyte primary cell cultures were transferred to 12 mm coverslips placed in 24-wells culture plates. After 48 h cultured cells were infected with T. cruzi Nicaragua trypomastigotes (10:1 parasites: cells ratio) and incubated for 3 h at 37°C in a 5% CO 2. . Then, cultures were thoroughly washed with medium and cells were incubated with complete RPMI medium with 7% FBS and 7% horse serum with or without different concentrations of allo (1, 10, 20 and 50 μM) for 72 h. Culture wells were set up in triplicate for each drug treatment and non-infected treated cultures were used as controls.
Assessment of infection rate
Number of cells containing amastigotes in the cytoplasm were evaluated. Covers with infected cells were removed from culture plates after 72 h drug treatment, gently rinsed with phosphate buffer saline, air dried and fixed in absolute methanol for 10 min and stained with Giemsa. In each experiment, a total of 300 cells (100 cells/cover) were evaluated for each treatment in randomly selected fields.
Experimental design for T. cruzi infection in vivo
Experiments were performed in groups of 15-20 C3H/HeN one month old mice, three groups were inoculated by intraperitoneal injection with 10 6 T. cruzi Nicaragua culture derived trypomastigotes. The experimental groups were designed as: non-infected nontreated mice, non-infected allo or bz-treated mice, T. cruzi-infected non-treated mice and T. cruzi infected allo or bz -treated mice. Drug treatment started two days post-infection. Bz treatment was performed with 100mg/kg/day drug diluted in olive oil and allo treatment was performed with 20 mg/kg/day of pulverized drug diluted in water. Depending on the treatment, 20 μl of each drugs, were daily administered by oral route with a pipette tip during 30 days. The course of infection was studied evaluating mice parasitemia, survival and histopathology. Parasitemia was scored as previously described (Brener, 1962) . The area beneath parasitemia curves was determined using Graph Prism 5.0. Mice survival was daily checked. All procedures involving experimental protocols in animals were conducted in accordance with the ethical legislations and regulatory entities, established in Argentina and International Guides.
Tissue tropism and histopathological studies of infected mice
Mice inoculated with T. cruzi (n=8) were sacrificed on days 10-14 pi. Heart, spleen, skeletal muscle and digestive tract tissues were removed from non-infected and infected mice. Tissues were fixed in 10% formaldehyde solution and embedded in paraffin. Each organ was cut in 5 μm sections and stained with hematoxylin-eosin. Heart sections were thoroughly examined under a microscope. At least 50 areas were analyzed for all tissues in each mice group with a 40× objective. The infection extent was evaluated as described (Postan et al., 1987) . The infected areas of the heart were scored on a scale of 0-4 according to the extension of inflammation. Briefly infected areas of the heart were scored on a scale of 0-4 according to the extension of inflammation. 1: For one focus with a minimal of 14 lymphocytes/400× optic field; 2: for multiple inflammatory foci, 3: for confluent inflammation with partial compromise of the wall; and 4: for diffuse inflammation with total wall compromise.
Statistics
T student test was used for K and r values, obtained in epimastigotes growth. Fisher's exact test was used for comparing T. cruzi infected tissues and organs. Log-rank (Mantel-Cox) Test and Gehan-Breslow-Wilcoxon Test were applied for mice survival.
Results
PCR-based identification of Nicaragua phylogenetic lineage
PCR amplification of the miniexon intergenic region showed a 350 bp DNA amplicon for the Nicaragua isolate, as well as Sylvio X-10 and CAI-72 clones, which are reference parasite strains for Lineage I. T. cruzi Y strain showed a 300 bp DNA band as has been described for Lineages Tc II, V and VI (Fig. 1A) . Lineages IV and III do not amplify any DNA fragment with these primers (Souto et al., 1996) . Furthermore, Lineage I was confirmed for the Nicaragua isolate with other three PCR strategies. The A10 DNA marker was amplified with P3 and P6 primers (Brisse et al., 2000) . No DNA amplification is usually obtained for Lineage Tc I and Tc II parasites. Control strains like Tul2 and CL Brener clone showed a 657 bp DNA fragment as has been also described for the other lineages IV, III, VI and VI (Brisse et al., 2000) . We did not observe any DNA fragment amplified with P3 and P6 primers for the Nicaragua isolate nor Sylvio X-10 or Y strain (Tc II) (Fig. 1B) . Another marker studied was the 24S alpha rDNA by a heminested PCR strategy with primers D71, D75 and D76. This PCR technique amplified a unique 125 bp DNA product for Nicaragua isolate and Sylvio X-10 clone, while other sizes were obtained for the rest of our control T. cruzi strains (Briones et al., 1996) (Fig. 1C) . Furthermore, when the cytochrome oxidase marker was amplified (Freitas et al., 2006) , the Alu I restriction DNA patterns observed in PAGE gels were identical to those obtained with Sylvio X-10 parasite (data not shown). Based on these four PCR strategies performed, we confirmed that the Nicaragua isolate belongs to Lineage I.
T. cruzi Nicaragua epimastigote growth
The number of epimastigotes in axenic cultures reached its maximum at 9 days for the Nicaragua isolate and the CL Brener clone while Tulahuen and Brazil strains reached the stationary growth phase at 10 and 12 days respectively. To analyze the population of the Nicaragua isolate, we determined the values of r 0 and K (the constant r defines the growth rate and K is the carrying capacity). These parameters were compared with the r 0 and K of CL Brener clone, Tulahuen and Brazil strains, ( Table 1 ). The growth rate of the Nicaragua isolate was according to other T. cruzi strains studied, with similar r0 values, what could place it as belonging to the same species (Finley and Dvorak, 1987) . But a significantly lower K value (Dvorak, 1984) was observed, (Table 1) , with respect to the other T. cruzi strains studied (Student's test; p<0,025).
Nicaragua isolate epimastigote drug susceptibility
The 50 % inhibitory concentration (IC 50 ) of bz on T. cruzi Nicaragua isolate was 110.9 μM and 88.67 μM for CL Brener clone, being Nicaragua isolate less susceptible than the CL Brener, the reference T. cruzi clone, to bz. Regarding allopurinol, Nicaragua isolate epimastigotes showed an IC 50 of 38.91 μM being more sensitive than the CL Brener clone, which showed an IC 50 of 131.22 μM.
Allopurinol effect on the host cell infection
T. cruzi Nicaragua infected BESM, VERO cells and rat cardiomyocytes primary cultures were treated with 1, 10, 20 and 50 μM allo. This drug showed different behavior being doseand cellular compartment-dependent (Fig. 2) . We observed that 1 μM allo concentration was trypanocidal in VERO cells and 10 μM significantly reduced the percentage of infected cells regardless the cell line culture. In cardiomyocyte primary cultures, a 20 μM concentration was necessary to exhibit the same inhibitory effect than that observed for VERO and BESM cells with 10 μM. Viability of non-infected cells was evaluated for each drug concentration by the Blue Trypan (0.5%) exclusion test. A 50 μM allo concentration was toxic for all cell types.
T. cruzi Nicaragua course of infection
Mice infected with 1× 10 6 trypomastigotes showed a parasitemia peak at 19 days postinfection (Fig. 3) . The mortality of infected non-treated mice was 77 % during the acute phase. Survival rate of C3H/HeN infected mice in the different experimental groups is represented (Fig. 4) . Non-treated infected mice showed a significantly higher mortality rate when compared with bz treated animals (Gehan-Breslow-Wilcoxon Test, p < 0.0001) based on the known course of infection with other T. cruzi isolates in C3H/HeN mice.
Bz and allo treatment in Nicaragua T. cruzi-infected mice
Bz treatment of mice infected with the Nicaragua isolate reverted the lethal effect of parasites observed during the acute infection. All infected mice survived with this bz treatment (Fig. 4) . However, a few parasites were detected in the heart of 89 % of mice one year post-infection. The effect observed with 20 mg/kg/day of allo treatment is a parasitemia peak displacement to day 17 p.i, (Fig. 3) and although the parasitemia was lower than in allo non-treated mice, we could not see any significant difference in mice survival between both groups.
T. cruzi Nicaragua isolate tissue parasitism
The histopathological analysis of animals during the acute phase of infection with the Nicaragua isolate showed nests of parasites in all organs examined, in association with cellular necrosis and inflammatory mononuclear and polymorphonuclear cell infiltrates (Table 2 ). In the chronic phase of infection, intracellular parasites and interstitial mononuclear infiltrates were found predominantly in cardiac, skeletal and smooth muscles. Parasite nests were found in hearts of all mice analyzed in the chronic phase, being less frequently detected in the skeletal and smooth muscles. Although the density of parasite nests per section in the heart of mice in the chronic phase was less than in the acute phase (p < 0.015), the extension of the inflammatory infiltrate was similar in both phases. Interstitial fibrosis was detected in the myocardium of chronic infected mice. Parasites were not detected in the liver parenchyma or Kupffer cells in the chronic phase regardless of the type of treatment. However, non-specific Kupffer cell hyperplasia and mononuclear cell infiltrates were found in infected mice.
Histopathology of drug treated infected mice
Treatment with bz significantly reduced the number of parasites in skeletal muscle during the chronic phase of T. cruzi Nicaragua infection (p < 0.024). We did not find any significant difference in the frequency of animals with parasite nests, density of nests or the extension of inflammation in the heart and smooth muscle in infected mice during the chronic phase either treated with allo or bz ( Table 2 ).
Discussion
In American Trypanosomiasis the presence of the parasite and the consequent inflammation of tissues are responsible for cardiac and digestive pathogenesis. It is possible that the genetic characteristics of the parasite are involved in the development of lesions. In the present study we studied some biological and molecular aspects of a T. cruzi Nicaragua isolate and its susceptibility to currently used parasiticidal drugs in an experimental murine model. Nicaragua isolate belongs to lineage I, TcI, in coincidence with other T. cruzi parasites isolated in Central America, Colombia and Venezuela, in which lineage I is predominant (Botero et al., 2007; Añez et al., 2006) and coexists in the domestic and sylvatic areas (Pennington et al., 2009 ). Although the distribution of different T. cruzi lineages in different areas is now extensively studied, the underlying causes of this distribution are still unknown. A recent study showed that the parasites circulating in domiciled triatomines and in T. cruzi mammalian reservoirs share the same lineages (Cardinal et al., 2008) .
The behaviour of this T. cruzi isolate in axenic cultures showed that the maximum stationary phase concentration was lower than in other T. cruzi strains studied. The K value observed could be explained by the fact that the Nicaragua isolate might use the culture medium resources in different ways than other T. cruzi strains. Another possibility is that this parasite isolate is not adapted to the culture medium.
Allo treatment inhibited amastigote growth in BESM and VERO cell cultures, showing a dose-dependent inhibitory effect over Nicaragua T. cruzi, in agreement with allo inhibition on T. cruzi Tulahuen strain in other cell types (Nakajima-Shimada et al., 1996) . To obtain the same inhibitory effect on Nicaragua isolate infected cardiomyocyte cultures it was necessary a higher drug concentration. It is possible that a potential mechanism of the xanthine oxidase could be related to its ability to reduce reactive oxygen species in this injured primary infected cardiomyocytes (Xiao et al., 2009 ).
The experimental infection with 10 6 parasites per mouse, induced high parasitemia during the acute phase of infection and 30 % of mice developed a chronic infection according to what was previously demonstrated for other T. cruzi lineage I parasites (Botero et al., 2007) . The Nicaragua isolate did not show a marked cell tropism in the acute phase of infection in mice, and thus could be considered pantropic. However, parasites were repeatedly observed in heart cells and skeletal muscle during the chronic phase, in association with inflammatory cell infiltrates. The predilection of Nicaragua parasites for cardiac and skeletal muscle in the chronic infected mice is similar to what has been described for other lineage I T. cruzi parasite infections (Botero et al., 2007; Camandaroba et al., 2001 ). Other authors described T. cruzi lineage I nests in endomyocardial biopsies of a chronic chagasic patient with endstage heart failure and also reported to cause mainly chagasic cardiomyopathy (Toledo et al., 2002) . Studies with Nicaragua parasites in the chronic phase of infection and drug treatment sensitivity are being performed with a lower parasite inoculum.
The bz treatment of Nicaragua infected mice was effective for the clearance of parasites in the acute phase of infection. Although all treated animals survived, parasites were found in some of their tissues probably due to the high parasite inoculum used in this study. The mice treatment with bz showed in this work only reduced significantly the number of parasites in skeletal muscle during the chronic phase, compared with all other tissues analysed. Infected chronic mice treated with allo did not exhibit a significant decrease of parasite nests in the heart, although the number of nests is lower (Table 2) . Our experimental mice reached the chronic phase of the infection because we had treated with bz and allo or a combination of both drugs in the acute phase.
Our results are in accordance with previous observations for the T. cruzi lineage I, in which partial susceptibility to bz was demonstrated in the acute and chronic phases of infection (Zafra et al., 2008) . Recent studies suggest that the pattern of heart lesions in the chronic phase of bz-treated animals is T. cruzi -dependent but not related with drug resistance (Caldas et al., 2008) . Mice treated with allo reduced the parasitemia peak with respect to non-treated control mice. Nevertheless, no significant differences in survival were observed as compared to control non-treated mice. Bz and allo treatments have demonstrated so far, different efficiency for different parasite lineages, in distinct geographic areas (Camandaroba et al., 2003) .
T. cruzi Nicaragua isolate belongs to lineage I which is prevalent in many endemic areas in South America. The partial resistance to trypanocidal drugs clearly indicates the need of drug protocol optimization through the combination of most effective drug treatments. This study confirms the benefits of early bz treatment expressed as reduction of parasitemia and mortality of mice. Further studies with the Nicaragua isolate will contribute to the knowledge of some therapeutic aspects of the T. cruzi infection.
Investigaciones Científicas y Técnicas (CONICET), Argentina. This work was partially supported by the Instituto Nacional de Parasitología, ANLIS C.G. Malbrán, the CAECIS -Universidad Abierta Interamericana, Secretaría de Ciencia y Técnica (PICT 2005 38187) Buenos Aires, Argentina and from the Fogarty International Center (Grant Number D43TW007888) USA.
Fig. 1.
Typification was PCR based on Nicaragua isolate DNA (Nic) amplified with primers flanking several T. cruzi DNA markers. Fig 1A: The intergenic miniexon of the spliced leader genes was amplified with TC, TC1 or TC2 primers showing a 350 bp fragment for Nic and Sylvio X-10 clone (Tc I) DNA. Fig. 1B : The A10 fragment was amplified with P3 and P6 primers, and a 657 bp band was amplified for Tul 2 and CL Brener DNA; no DNA band was observed for Nic, Sylvio and Y (Tc II), as was expected for lineages I and II. Fig  1C: The 24 S alpha rDNA marker was amplified with D71, D75 and D76 primers, and a 125 bp product was visualized for Nic and Sylvio. Effects of allopurinol on the amastigote rate of infection of T. cruzi Nicaragua isolate in culture cell. T. cruzi Nicaragua infected BESM, VERO cell lines and rat cardiomyocytes primary cultures treated. The cultures were incubated for 48 hs and were infected with T. cruzi Nicaragua isolate trypomastigotes and treated for 48 hs with 1, 10, 20 and 50 μM of allopurinol. Parasitemia of mice infected with 1× 10 6 T. cruzi Nicaragua isolated trypomastigotes and treated with bz and allo, as described in Material and Methods. Parasitemia peak at 19 days post-infection in the acute phase is shown. Survival rate of C3H/HeN infected mice infected with 10 6 T. cruzi Nicaragua isolate trypomastigotes in control and drug treated groups. 
Percentage of mice with parasite nests in different tissues
Asterisc means the significant difference (p < 0.024) between the number of parasites in skeletal muscle during the chronic phase of infection with the bz treatment. n means number of mice infected or infected and drug treated. 
